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Introduction :
. ]

This report represents a compilation from available Soviet literature on i
research in the field of corrosion fatigue and 1s presented in the form of rep- :
resentative excerpts from the published literature.

tion of @ comprehensive survey, it should be noted that the number of individusl
Y/ contributere(to the open literaturc)is somewhat restricted, G. V. Akimov, G. V.
Karpenko, A. V. Ryabchenkov, and 5. G. Vedenkin being the chief authors. |

_ y While the volume of published rescarch was deemed adaquar.te for the compila-
t

The number of scientific institutions at which the research vwas conducted
is likewise limited, Establishments identified with this work are the Central
Scientific-Research Institute of TechnSlogy and Machine Building and the Moscow
Institute of Steel.

The organization of the subject matter covered in this report follows con- i
temporarv Soviet practice. The report is-divided into the following six chapters: i
1, Factors Affecting Corrcsion-Fatigue Resistance of Steel; IT. Effect of
Electrochemical Factors on Corrosion-Fatigue Resistance of Steel in Electrolytic
Solutions; III. Increasing Corrosion-Fatigue Resistance Through Surface Harden-
ing; IV. Electrochemical Methods of Increasing Corrosicn-Fatigue Resistance :
of Steel; V. Effect of Protective Coatings on Fatigue and Corrosion-Fatigue |
Resistance of Steel; and VI. Anticorrosive Nitriding of Structural Steel as !
a Method of Increasing Fatigue and Corrosion Fatigue Resistance.

Numbers in parentheses in the report refer to the appended sources.
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Lecent Publication

The book Korroziorno-Mekhanicheskaya Prochrost' Metallov, Masheiz, Moscow,
1955 by L. A. Glikman, vas rcceived while this report. wec in its final stages
of organization and too late for its inclusion therein. The table of contents
of Glikman's book is as follows:

I. Bffect of Simulterecus Corrosion and Static Pressure on Strength {Cor-
rcsion Cracking)

1. ©Some Experimertal Data on Corrosion Cracking

2. Effect of Stress on Corrosion Cracking

3. Various Means and Methods of Prewventing Corrosion Cracking

H
(5]
.

Fatigue Feslstance of Metal When Subject to Corrosion {Corrosion Fatigue)

1. E4perimental Szta on Corrosion Fatigue in Fresh and Salt Water

2. Tne Bffect of Vart

Cyclin Frequenty, el

: Fac*ors on Corrosion Fatigue {Total Cycles,
a, Duress ard Type of Cycle, Magnitude)

3. Various Methods of Freventing Decreace of Fatigue Strength Under
i Corrosion

ITI. On the Nature of Corrosion Cracking and Corrusion Fatigue
IV. Resistanze to Cavitational Destruction
Basic Concept

Fatigue failure 1s the prograssion of a fine crack through e material as
2 result of a large number of cycles of stress reversal, ususlly originating
in a surface notch or other stress raiser. !High stresses cxisting at the bot-
tom of the crack make further attack by a corroding medium more severe than
the corrosior might be urdwr crdinary unstressed conditions. Therefore, the
presence of & corroding medium which may initiate notches in the lorsm of core-
roslcn pits, and the presente of alternating or cyclic stresses which tend to
produce fine cracks, go hand in hard to produce early fallurs of parts suh-
Jected to such conditions.

The fatigue strength of mazerials if greatly decreased by the presence
of & corroding medium. The gereral phenomenon is referred %o as corrosion
fatigue and usually is of a trarscrystalline nature.

The cxistence of alternat:n: stresses may zend to cause considerable
damage te any protective film built up in the noremel course of the action of
a corrosive wediun., Continual damage to this £ilm may be a source of the

further development of cracks wnich zccelerate fatlsu: Taliur:,

I. FACTORS AFFECTING CORRUSICH-FATIGUE RECISTANCE OF STEEL

4]

Steal Compcsition and lieat Trealment

The practical observations and experimentel results of many Soviet investi-
gators indicate that the chemical composition of carbon steels has litile ef-
fect on thelr ~orro9ien futigve resistance in electrolytic solutions.(2)
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The static strength of carbon steels, particularly the %epsile strength,
varies widely, depending upon the carbon content; however, the corrosion fa-
tigue of carbon steels in fresh water, which is deteruwined by the corrosion
resistance, is practically the same regardless of carbon content and lies in
the range 12-15 kg/sq mm. (1)

A. V. Ryabchenkov, one of the most prolific of Soviet writers on stress
corrosion, reports that the corrosion resistance of lov-alloy steel in fresh
water is almost the same as that of carbon steels. According to this scien-
tist a characteristic peculisrity of low-alloy steels is their sharp decrease
in fatigue strength in corrosive media. Thus, the corrosion resistance of
chromlum-vanadfum steel in fresh vater is approximately one fourth as much ag
in air. Similarly, silicon-nickel &teel, which has the highest tensile and
fatigue strength in eir, beccmes one of the poorest of steels in water (fa-
tigue strength 77 kg/6q my in air, 12 kg/sq mwn in water), The corrosion fe.
tigue resistance of copper steel in salt water is no better than that of
carbon steels. MNickel steel, however, has a definite (twofold) superiority
over carbon and copper asteels in resistance to corrosion in salt water.
Chromium-nickel steel also has & Doticeably greater corrosion resistance
in salt water than carbon steels.(2)

In their study on the effe-t of atmospheric corrosion on the fatigue
strength of structural steels, Ryabchenkov and fe. L. Kazimirovskaya found
that the humidity and the sulfur dioxide content of the air have a substan-
tial effect en fatigue strength. Hovever, the corrosion fatigue resistance

BB of steel may be considerably increased by surface hardening (shot blasting,
high-frequency irduction hardening, or nitriding).(29)

According to S. G. Vedenkin, lov-alloy chromium-nickel-copper steel NL-2
(0.80% cr, 0.ko% N1, 0.3% Cu; 0.185 C), smelted from the maturally alloyed
cast iron made from OrskeXhalilovsk ore, had a corrosion resistance of 10
kg/sq m in a 3% solution of sodium chloride at a 107 cyclic stress vwhile, .
under gimilar conditicns, the St 3 §ee FDD Summary 148 for the chemical com-
position.) steel had a resistan-e oF only 6 kg/sq wm. The fact that some
lov.alloy steels and carbon steels have practically the same corrosion-fatigue

resistance coincides fully with the corrosive characteristics of these steels
when unstressed in neutral solutions.{3)

The experience of many Soviet authors indicates no great difference be-
tveen the corrosion resistance of commercial steels (i.e., carbon and low-
alloy steels) in neutral media.

Soviet research has shown that the corrosion process of carbon and low-
alloy steels in neutral solutions is not at all dependent upon thelr structure
or composition.

Moreover, low., medium~-, and high-glloy steels as well as many low-alloy
siructural steels diffar 11ttle ip their corrosion-fatigue resistance or in
their static corrosion resistance.

Researchers have zorcluded that strength and fatigue strength in air do
not serve as criteria for the behavior of steels under conditions of corrosion
fatigue and that, where these conditlons exist, it may be useless to substi-
tute one steel fr .nother. However, this does not apply to stainless, acid-

. resistant alloys. If the content of alloyirg elements (principally chromium)
in steel 15 increased to the polnt where the steel becomes stainless, its
corrosion-fatigue resistance becomes considerably improved.

Steel structure, which is determined by heat treatment, has a substan-
tial effect not only on static strength but on fatigue strength as well,
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Ryabehenkov cites a nor-Soviet source {Gough, K., Journal of the Insti-
tute of Metals; No 2, 1932, p 17) to indicate that under conditions of cor-
rosion fatigue, hardered and tempered steel is not superior to annealed steel
and that some annesled low-alloy steels have greater corrosion-fatigue re-
sistance than hardened and tempered ‘steels. Ryabchenkov tested the corrosion
fatigue resistance of grade L5 (See Fpp Summary 148) steel specimens, some of
which were normalized at 840° and others which vere hardened at 830°, water
quenched, and tempered at S60° for one hour, Tests were conducted on a spe-
clel TsK-2 machine designed by the Central Scientific-Research Institute of
Technology and Machine Buildirg for corrosion-fatigue testing. Kis tests
showed that hardening and tempering results in a greater 1oss in corrosion-
Tatigue resistance than does normalization, In abaolute corrosion resistance,
however, the hardered ard tempered steel was 32 percent supericr to normalized
steel {2}

Media

Atmospheri- COrrosior {5 one of the most <owmon types of corrosion. About

of all metal structures are subject to atmospheric corrosion.(4) It ig
s5mall vonder then that great efforts are being made to0 increase the life of
machines, structures, and cther metal products.(5)

Atzospheric corrosien 18 & form cf electrozhemical corrosion with the cor-
rosive process oTtureing nder a film of Teisture,(2)

This electrochemical cerrosive process, occurring as a result of the pres-
ence of a thic layer of electrolyte on the surface of the metal, differs some-
what from the 2lectrochemical corrosive process in metal submerged in an
electrolytic solution,

The difference 1s that e thin film of wotsture (electrolyte) 15 a weak
Obstacle against the diffusion of the Oxygen in the air to the surface of the
metal. Thus the etmospheric corrosion Process occurs primarily with oxygen
depolarization even in & relatively aczid wedia.(6)

Atmospheric composition and humidity are regarded as very important factors
in atmospheri: corrosicn,., The rate of corrosion &s well as the very mechenics
of the corrosive Process are dependant upon the humidity.fQ)

N. D. Tomashov, a well kncun Soviet corrosion engineer, -lassifies various
types of corrosion on the basis of the moisture content of the corroding sur-
face. He 1lists three types of atmospheric corrosion: dry, molst, and wet,

Atmospheric corrosicn of the latter two types relates to electrochemical
corrosien.(4)

When metals are oxidized in the atmosphere, the products of corrosion Usu-
ally remain on the metal,!2)

In studying tke corrosion resistance of carbon and low alloy steels under
various atmospheric conditicrs, Vedenkin found that the average annual loss
from corrosion of carbon steel was 135 g/sq m in rural areas and 903 g/sq o in
a railroad station.(7)

Because many metal structures subject to atmospheric corrosion are also
subject to cyelic stress apd because the literature contains no data whatever
on fatigue strength under conditions of atmospheric corrosion, this matter is
of great and practical interest.
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To evaluate corrosion fatigue resistance under various atwmospheric condi- A
tions, tests were conducted with pormalized grade 45 {See FDD Summary 148) gteel s B,
specimens. The tests were conducted on YaK-8 type machines developed by the ’E& ey

Central Scientific-Research Institute of Technology and Machine Building.

Results indicated that there 18 u distinct relationship between corro-
sion-fatigue resistance apd Atmospheric conditions. An ircrease of relative
huzidity from 58 to 100% resulted ir a corrosion-resistance decrease of 12%, - !

Characteristicz corroslon~fatigue fractures were cbserved in specimens sub-
Jected to corrosion ig an atwospners saturated with steam and containing some
sulfur dioxide. The freztures were intercrystalline in sharacter and typicel
of corrosion fatigue, since static fracture is characterized by the appearance !
of groups of fractures, (2}

Cyclic stress rorrosior iv a 100% humid atmosphere containing sulfur diox- -
ide changes with ~onsiderable rapidity from uniform to nonuniform corrosion,
with intensive, deep corrosion oITwrring only in certain relatively small areas, .
Such conversior of corrosior (from uniform to nonuriform) is quite character-
istic under corditions of corrosicp fatigue.(8, 9, 10)

The uncesirable corrosion conversior occurring during stress corrosion is
the direct result of the e€leclrochemizal heterogeneity cf the surface of the’
metel damaged by the cyclic streases while in the electrolytic solution.(2)

An important characteristic of the Simultaneous action of corrosive media
and alternating stress op metal is that it exceeds the sum total of their
destructive effects 1f separately applied.(6, 11)

The oxide coating formed on the surface of the metal by corrosior, which
generally retards or even halts further static corrosion, is destroyed, to
some degree, by cyclic stresses end loses its protective properties,(11)

These circumstances create favorable corditions for increased corrosion
and, primarily, for the conversion of uniform corrosion to local, pit corro-
sion.

Corrosion engireering has demonstrated that stress ralsers greatly de=-
crease fatigue strength. Ccnseque:tly, it may be assumed that surface pitting
(caused by corrosion) also acts as a stress raiser and thereby magnifies the
effect of cyclic stresses. Moreover, with sufficient corrosion fatigue damage
the products of corrosion, whose volume considerably exceeds that of the ini-
tial material, creates additional stresses in the corrosion fatigue fractures
and, in turn, facilitates fracture growth.(2)

It has been shown that the rate of correosion in meny metals ig increased
as the concentratior of neutral salts is increased to a definite limit, The
increase in the rate of cerrosion is caused by two factors: as the salt con-
centration 1s increased the electrienl conductivity of the solution ig also
increased, thus permitting a rise in corrosive currett; the increase in the
concentration of such anions as Cl greatly decreases the protective properties
of the oxide film and, consequently, serves to increase the rate of corresion.

(6)

Vedenkin notes that the rate of corrosion of structural steels in acid
solutions with a decreased pH, which do not act as oxidizers, is greatly in-
cressed.(3)

As the pH value is ircreased, the solubility of the ferrous hydroxide is
decreased, the protective film becomes more stable, and thus the rate of steel
corrosion in the presence of high pH values is decreased. Thus the corrosion 4
fatigue resistaunce of steel becomes greater.(2)

s |
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Corrosion Retarders

The corrosion-fatigue resistance of parts subject to water corrosion may
be considerably lncreased by the introduction of corrosion retarders inte the
vater. Chrowates and bichromates of alkali metals, such KxCr0), and ¥Cr 04,
are altogether effective. These compounds are universal passivators since
they sharply curtail the rate of corrosion of nearly all metals. Only a smell
amount of chromate or bichromate (0.5 8/1) is needed to halt the water corro~
sion of unstressed steel.

A simple laoboretory experiment has indicated that a considerably greater
quantity of retarder is needed to curtail water corrosion of steel under cyclic
strcss than when the steel is not under stress.(2)

Testing Equipment

During the past few years the USSR has developed various uachines and de-
vices for corrosion~fatigue testing in liquid media. The Moscow Institute
of Steel has desigred a machine for testing wire specimens under symmetrical
flexure of various frequencies. Stress ig *he specimen is created by simul-
taneous flexure and tcrsion.

A. N. Mitinskiy, Te. S. Reynberg, R. A. Bogramov, and I. V. Kudryavtsev
are among the scientists who have developed and designed corrosion-fatigue
testing equipment.{30)

Conclusions

The chemical composition of carbon and wany low-alloy steels has little
practical effect on fheir corr>sion-fatigue reasistance in electrolytic solu-
tions. Of the low-alloy steels, nickel and chromjum-nickel-copper steel
possess the best corrosion resistance in salt water.

Stainless, high-chromium steels possest surficiently high corrosion-fatigue
resistance (21-25 kg/sq mm) in neutral electrolytic so.utions. Under the ac-
tion of salt water, however, their fatigue strength is considerably decreased

{up to 30%).

The heat treatmert of sirustural eteels (hardening and tempering), which
greatly increases fatigue strength in air, has either little effect or no ef-
fect at all on corrosion-fatipgue resistance in electrolytic solutions.

The chemical composition of the corrosive medium has a very great effect
on the corrosion-fatigue resistance of steels. Of the electrolytes, acid so-
lutions cause the greatest decrease of fatigue resistance while alkaline solu-
tions cause the least decrease. Neutral medin, and particularly sodium chlo-
ride, are midway between the acids and alkalis. As the concentration of sodium
chloride in the solution is increased, the corrosion resistance is decreased.

The introduction of materials into water to retard the rate of corrosion
substantially increases the corrosion-fatigue resistance of steel.

Although atmospheric corrosion has 2 lesser effect upon the fatigue
strength of steel then electrolytic corrosion, it too is of some significance.

It has been established that the fatigue strength of normalized medium-
carbon steel is decreased 12% in & humid atmosphere not containing sulfur diox- :
ide and 19% when sulfur dioxide is present (0.27% §05). This indicates that in i
desigring machine parts operating under cyclic stress in a corrosive atmospheric
medium, the decrease of fatigue strength caused by corrosion must also be taker
into account.
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In determining the fatigue strength of steel parts, fatigue tests must bl
be conducted under corrosive conditions simulating those in which the parts

will actually be used.(2) Unless such close simulation is achieved, the
tests will prove worthless.

It 15 also known t
increased. When specim
media, however, corrost

hat fatigue strength decreases as specimen size is
ens are subjected to alternating stress in a corrosive
on fatigue resistance increases with the size.(30)
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II. THE EFFECT OF SLECTROCHEMICAL FACTORS ON CORROSION-
FATIGUE RESISTANCE OF STEEL IN ELECTROLYTIC 3OLUTIONS

Contemporary views regarl the corrosion of metal in aquecus solutions of
electrolytes as an electrochemical process.(2) G. V. Akimov and A. I. Golubev
have demonstrated the conformity between the equilibrium of microelement oper-
ation and corrosion, as determined by weight loss.{14) The emergence of cor-
rosive elements in the interaction of metal and medium may have many causes.
The principal reasons for the emergence of microcorrosive elerents are related,
firat, to the hetercgeneity cf the metal phase (resulting from the heterogene-
ity and structurnl peculiarities of the metal), to the heterogeneity of the
protective films on the surface of the metal, to the heterogeneity of the de-
formations and lnternal stresses in the metal, =te; second, to the heterogen-
ity of the liquid phase; and third, to the variations in external conditionms.

Thus, electrochemical hetercgeneity is the reasen why the surface is sep-
arated into cathudic and enodic areas. Moreover, those areas with a more neg-
ative electrode potential form the anodes, while areas with a more positive .
electrode potential form cathodes. On the ancde areas, the ion-atoms of the
metal may puss into solution and liverate electrons, while the assimilation of
the free cvlectrons by the soluticn cccurs on the cathede arcas where the metal-
clectrolyte separation occars.(E)

According to Akimov, the corrosive process, occurring asa result of the
activity of the corrosive elements, mey ve depicted as follows:

I. [6M] A +nH20 — [Mn.Hp0l) ¢ 8y -- anode process;

II. ey = @y -- electric current;

III. €y + [H.Hx0ly — Hy + Hy0 -- cathcde process, or

V. 26¢ + Oy + H0 — (oot Jy = [20H']; -- cothode process; where A is
the anode area on the surface of the metal-electrolyte separation, K is the ‘
- cathode area on the surface of the metal-¢lectrolyte separation, and 1 is the :

liquid phase.(1%)

In studying corrosicn ratigue from the point of view of the electrochemi-
cal theory of corrosion it was first necessary to determine the effect of
cyclic stresses on the electrodic potential of metal.

Practical observations have indicated that stress and deformation fre- 4
quently change the character of corrosion destruction and convert uniform cor- i
rosion to corrosion fractures. Depending upon the type of stress, three types I
of corrosion fractures exist: (1) intercrystalline, (2} intracrystalline, and °
(3) combined fractures. The first type occurs, as & rule, when metal is sub- :
jected to constant tensile stresses in a corrosive media.(2) This type of cor- H 4
rosion is well known and has been exhaustively studied by Vedenkin and V. M, N
Nikiforova.{16) There are instances, however, when tensile stress corrosion
caused intracrystalline cracks (as in megnesium alloys).

When under the simultaneocus action of cyclic stresses and & corrosive
medium, steel mest frequently develops. intracrystalline fractures. Ryabehenkov
quotes a non-Soviet source,{Whitnham, D. and Evans, U. R., Journal of the Iron
and Steel Institute, Vol 185, No 1, p 72) in stating that combined fractures .
have also been observed, and that corrosion-fatigue destruction has nothing in !
common with intercrystelline corrosion. (Zihe, F., Berg- und Huettenmsennische i
Monatshefte, Bd 95, No 2, 1950) i 5
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There are two points of view as to the explanation of selective corrosien
in parts subject to corrosion fatigue.(2) According to the first, small pit
corrosions appear on the surface of the metal as a result of the corrosion
process. Such pit corrosions act as stress raisers with the deepest part of
the pit being the area of greatest stress concentration. Thus, the explana-
tion goes, the bottom of the pit will have a more n2gative potential than the
walls of the pit and the surface of the metal and will, consequently, act as
an ancde. Thus, the pit corrosion will tend to deepen and will sradually
cause fracture. This point of view is shared by prowminent researchers in the
field of corrosion engineering: Akimov (15), Tomashov (17), and Yu. R. Evans.
(u. R. Evans, English metallurgict, some of whose vorks on corrosion have been
translated by Akimov and published in the USSR. ]

According to the secong point of view, ccrrosion fatigue is comprised of .
two processes: the first ig in that adsorption facilitates the development of
mierofractures under the influence of cyclic stress, while the second is a
pburely cocrrosive process (electrochemical) which occurs within the already
formed fractures and thus enlarges them. This point of view is expounded by
G. V. Kargenko who telieves it to be applicable to corrosive media containing
surface-active materials.(18,19)

Horeover, Karpenko alea holds that the creles of alternating stress have
a direct effect upun corrosion-fatigue strength. (28)

Thus, according to Karpenko, the existing views on corrosion fatigue

o which hold that the destruction of metul is a result of microcrystalline cor-
rosion, that {s, through an electrochemical process, are wrong. According to
these views the grains of the metal are microcells with differing potentials;
hence the surface of the metul wnich is in contact with the electrolyte cor-
rodes. Under the action of cyclic itressi, the corroszive process 1s acceler-
ated and fatigue cracks are formed on the surface of the oxidized grains,
Karpenko believeg that the investigzations of the effect of variable stress on
steel specimens do not confirm this theory.

Karpenko notes that the surrace layers of teut specimens are covered with
a large number of transerystalline cracks and with a lesser number of inter-
crystulline eracks in which products of oxidation are found. In a nonactive
medium, the number of microcracks ig considerably less, and depends on the
value of the coefficient of cyclic loud. For low cuefficients which charac- .
terize the interval of fatigue destruction, only u single fatigue crack may
appeur. HKarpenko's reserach furthes showed a celectivity for "depth corro-
sion" (i.e., corrosion which passes [rom the surfuce to the depth of the metal
for a small volume; intercrystalline and trunscerystalline corrosion are ex-
treme cases of depth corrosion). The cracks alfected by the corrosion lay per-
pendicular to the acting maximum normal stresses. This corrosion does not have
an intercrystalline character, otherwise there would be eracks both in the
longitudinal and transverse cections of the test specimen, the cracks making
varicus angles with the surface. Tor latercrystalline corrosion, torsion woulg
produce cracks making an angle of 45° with the axis of the specimen.

Karpenko eoncludes that his lovestigations show that the electrochemical
intercrystalline theory of corrosion fatigue cannot explain the selectivity
in the formation of fatigue cracks for steel working in a corrog vy media.(3l)

In yet another article Karpenko discusses two types of corrosion fatigue:
(1) the effects of actively corrosive media which continue to attack the ma-
terial as long as it is éxposed and thus continue to lower the endurance Umit,
aund (2) the effects of superficially corrusive media which attack only the
surface and thus reduce the endurance limit by a definite amount independent
of exposure time. The second type of corrocior is described as an adsorption
of weak electrolytes at deformatlion bands and the opening of numerous micwo-
cracks by corrosion.(32)
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Ryabchenkov, in discussing Karpenko's theory, admits that surface-getive
materials such as oleie acid or saponin actudlly do decrease the fatizue
strength of steel but states that in corrosive mediy consisting of electro-

surface.active materials, there is

¢ e formation through Corrosion concentra-
tlon is related to the effect or eyelic stresses upon the electroge botential
of the metal and, consequently, to the developrent of its electrochemical
heterogeneity. Thus the determination or clectrochemical Characteristieg and,
particularly, electrode potent stress iz of great impor
tance in the study of

ials in relatior 4o 5
Stress cerrosion, (2)

Cyclic stresses noticeab
the stress i increaaed,

velues is alge increasey. The greatest reduction

brought by chansing Stregses that rroduce tension. By using microelectyp.
chemical Procedures it hag been established thas a corrosion element ig zen-
erated when stresses resulting Cron loads applied at twgo neighboring regions
of the metal sarface differ in nagnitude. A study of the Lwo-electrode cor~ v
rosion element ag 4 function of Str2ss showed that the difference of poten-

tial and the current of thig element are incrauzeq sharply as the siress {in-

ly lower the electroie pote
the rate or displacement of

atial of steel. As
the potential to lower
of electrode potential is

creases.(13)

Under conditions of corros
metal undergo greater siregs
the metallice bend between th

1on futigue, some areasg of

es than others, Under the actiosn of these stresses
e 1en-atoms of the aetal and the electrons may be
more easily broken and the protective oxide filpm nay be more easily destroyed.
Therefore, the electroge potential of thege areas on the surryee of the metal
mst be lower or, under the actiop of tha stress, they could become micro-
$copic anodes.(15)

the surface of the

Little attention has been Jevote
electrode potential, aven though the
under stress has been konown for muny yeurs. (Wledman, Lehre von Electricitaet,
9, 723, 1893). g 8 Tule, civwagg 4pg deformation cauga 4 drop in electrode
potential, 7Tt has been esiunblishe that increusing suress rrom zerp to a
value corresponding to e proportional limtt decrenses initial potential or
iron in a solution (o tiacy » 017 H200) vy 130 nv.(2)
4 4 detailed study by ve, . Zaretskiy hug shown tnat residual tepsile de-

' formation corresponding to o Louz o o T B, couseg g diffusicn or aluminun
electroge Fotentisl in g

U.3 moles HCY, zopver G 005

€ smoler Hps0y, zine in 0.0125
moles H,30,, steel in 1.5 moles K. 5
29V
[

d to the StUdy of the

effect or stress on
fact thut electrode po

tentinl dges change

@0y, within 25 gy, —uretskly has slse es5-
tablished the decrease in time of tu» diflerece ip potentinls betveen Je.
tormed ang nondeformed metgls,

This researcher mude un .
tential in the deformation oo 4 mapnesium alloy,
several times less thun that obtiined
that the change of 2lestrode
the destrastion of the oxige

tten

BL L0 culculute the chunge in electrode po-
#is theoretical value wag ‘
ally. He therefore concludes

botential in the nasnes fum alloy 14 related to
fMn Juring deformution.(kz)

o

Insufficient seug

Y has been gage
rosion on the electros

e effect of cyelic g
de potentiul of siee )

tress and cor-

Conclusions
L Ruslons

Cyclic stressas con

siderably decrease the
Alternuting tensile g

eleetrode potential of steel.
stresses cause the greatest decrease ip electrode poten-
tial. ..
. {
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Microelectrochemical methodology has been used to investigate the digtri.
bution of potential on the surface of specimens having stress concentrators,
It was found that under conditions of corrosion fatigue the ares of stress con-
centration had a lowver potential than its ed joining areas. Consequently there
gmerges a corrosion (galvanic) element whose electrodes are: anode -- the
bottom of the stress raiser, and cathode -- the surface of the specimen ad-
Joining the stress raiser.

Ryabchenkov states that his investigation is the first experimental proof
of the electrochemical nature of the corrosion fatigue process 1in steel wher
1o an electrolytic solution.(2)

III. INCREASING CORROSION-FATIGUE RESISTANCE THROUSH SURF.CE HARDENING

The surface of steel generally has a lower fatigue strength than subsur-
face metal; this {s so0 not only because the surface contains a sreat number of
stress raisers but also because 1t is the boundary and thus disrupts the erys- .
talline structure of the metal. Moreover, the surface layers alszo undergo
maximum stress from externally applied loads.

Surface hardening by shot-blasting, rolling, or induction hardening are
effective means for increusing the fatigue strangth as well as the corrosion-
fatigue resistance of steel.(2)

Ryabchenkov and V. N. Novikov were the first to show that high frequency
induction hardening effectively increases the alternating stress strength of
parts subject to corrosion. The fatisue strength of surface-hardened steel
shows no decrease in tap water and only a smll decrease (257) in a 3% NaCl
solution, {20)

Although surface hardening 15 a methad for increasing corrosion fatigue
resistance is a tople of great scientific ang practical interest, few investi-
gatlons have been conducted in this field.

To test the effect of surface hardening upon corrosion fatigue resistance,

grade 55 ( C 0 .4h%, 51 0.247, »n C.B4T, 5 0.0207, P 0.02T%) steel specimens

were subjected to various tests. Thre specluens were normalized at 8ho® ¢ ang

their surfaces were either polished, shot blasted, rolled, or high-frequency

induction hardened. All surface-hardened specimens were annealed at 18¢° to -
remove internal stressec. The following corrosive media were used: 33 NaCl

solution, 3% NaCl solution saturated with Hs5, 0.5 N HaCl 4 0.0L N HC1 solu-

tion, 0.5 N NaCl ¢+ 0.8 § Ka Co. - 0.8 N 15311503 solution.

The results of these tests indicated that cold hardening and especially
high-frequency induction hardening effectively increase corresion-fatigue
resistance in nearly all the more cemmon corrosive media.

Tests were also run on the effect cf preliminary corrosion on corrosion-
fatigue resistance. The tests indicated that corrosion hag the greatest de-
structive effect during the first few days and that it is particularly de-
structive to nonsurface-hardened steel.

It must be stated, hovever, that cold hardening and induction hardening
increase the corrosion futigue resistance of steel only in neutral and alkali

media, while in acid wedia they do not increase it but may even decrease it
somewhat.(2)

- 11 -
C-0-N-F-I-D-E-N-T-I-A-L




nitize C

{ i

-

C-0-H-F-I-D-i.]
IV. ELECTROCHEMICAL METHODS OF I
CORROSION-FATIGUE RESISTANCE OF STEEL
There are two methods for the electrochenizal protection of metal from
¢orrosion: cathodic protesction and eleztrolytic protection.

The major research in *this field was conducted by Soviet scientists.
T St to formulate the theore
the eleztrozhemical Proteztion of metals against ~crrosion. (2)

Akimov and Tomashov were the firs
i

i

In a recent work Akimov presented his thecry, based ¢

trode theory, =¥plaining ele~trochemical

After “esting grede Le
in tap water (9.0047 KaC
in ses water (37 NaCi).
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v,

There ha
coatings subjecte
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Anodic z1in¢ and,
Chemical protection of
creasing the corrosicn-
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Lhoey

The following CeqQULItne
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bond with the bLage mnetal,
cathodic; they should not
be brittle and shoull rot

Electralytic chrani
in fatigue sore i
vreases as the pi
or carbon steel incr
wreasing it {by 13%) .
at tempxrature up to 200
plating upon fatigue s eng i,

o

completely eliminates the negative ¢ffect or
The decrease of fatigue sirength resulting from chromium plating

strength.

is due to the great tensile Streszes in the chromium plate.
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tical bases for

n the multielec-
t corrosicn. (21)

in various medie 1% was concluded that:
- Protestor fully prevents corrosion fatigue;

ncreases corrosion

> study deveted <o the anticorrosive properties of
zerrosive media.

iiun coatings assure the electro-
tom torresicn and are highly effective in in-

stante ¢ steel,

and copper), serve

contazt Letween
ratle residual
on against corro-

antially decrease the fatigue

for increasing
orming a good

3 they should not

ted specimens de-
ic chromium plating

¢rlatanze {ty ©9) in tap water while de-
Teripering chromium plated parts
dues not eliminste the hermful effect of chromium
flowever, tempering at 620-8509 praztically
chromium plating upon fatigue

The degree of

residual stress in the chromium is determined by the technological factors

in the electralytic olating process:

ture, and surface Preparation prior to plating.

&g current density is ircreassd
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Electrolytic nickel Platirg of steel “causes a considerable reduction in
fatigue strength. Because of this, as well ug the cathodic character of the
nickel plate, nickel is not recommended as a protective coating against cor-
rosion fatigue. The decrease in fatigue strength caused by nickel plating
is, as is in chromium plating, due to the tensile stresses in the plate. The
degree of regidual stress in the nickel plate is determined by the surface
preparation of the bage metal and the technolegical factors of the electro-
lytic plating process. It is believed that if steel parts are surface hard-
ened prior to plating, fatigue strength will be greatly increased.

The electrolytic plating of steel with zips doss not reduce fatigue
strength in air. 1Ipn s0dium chloride sclutiong zin- plating acts as an ef-
fective protector against corrcesion-Lfatigue destruction. The corrosion re-
sistance of zine plated steel 1ig increased 25% if +he steel is hardened and
tempered. Zinc plating is recommendei for steel parts sut ject +o cyc¢lic
stresses and operating in the atmosphere, fresh water, or salt water, (2)

Conclusions

Cathodic chromtum, nickel, and ~opper coatings decrease the fatigue
strength of steel. With Tommonly uced plate thicknesses, chromium and nickel
reduce fatigue strength 22-35% ., while sepper reduces strength by 13%.

The corrosion fatigue vesistance of ele:trolytically chromium or nickel
plated steel Barts may bte Increaged byt rmore eitective electropl&ting '
Processes (whizn would Assure minimum stress in the plate), high temperature
tempering of :hromium plated parts, and eurraze hardening the base metal,
thus imparting te it residual ecompressive stresgses.

The electrolytic piating of gteel with cadmium provides no electrochemi-
cal protection 8gainat corresicn in tap water but does increase the corrosion-
fatigue resistance of steel in 3alt water altheugh not as much as dees zing,

VI. ANTICORROSIVE NITRIDING OF STRUCTURAL ~TEEL AS A METHOD OF
INCREASING FATIGUE AND CORROSION-FATIGITE RESISTANCE

There are two types or nitriding. Que fs for purpeses of hardening, the
other. for corrosion proetection. The latter ig distinguished by its shorter
exposure to ammonia gus and the higher temperatures at which 1t ig exposed.
Anticorrosive nitriding may be used op any nonialicyed steel cr cast iron. (2)

The anticorrosive mtriding procegs was Tirst developed by V. I. Pros-
virin, V. D, Yskhnins ang Ryabzhenkov and wos o nee introduced into Soviet
industry. (22, 23, o) A. N, Minkevich, I. Ye. Kontarovich, A, a, Sovalova,
and Yu. M. Lakhtin condu-ted Important researzh in this field and were the

first to introduce this new prozecs inte Sovist production. (a5, 26, 27)

Laboratory testa indicate that short term anticorrosive nitriding con-
siderably increases the fatigue strength of tool steels. Anticorrosive ni-
triding also increages fatigus strength of carbon steels by 53-60% and that
of :hromium steels by 1L.274,

The nitriding process ig especially effective in increasing the corro-
sion-fatigue resistance of carbon steels. Niirided carbon steel has the
same resistance to stress corrosion in tsp water asg it does in air, The
anticorrosive nitriding process increasez corrosion resistance of carbon
steel 120% in tap water, 95% in a 3% solution of NeCl, end 454 in a water-
vapor-saturated atiiosphere with a 0.27% content of 50,.
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R
The sensitivity of nitrided surfaces to hairlines is decreesed consider- ‘.'-_n
ably, especially in chromiwn steels, s
4
The principal reasons for the benefizial effect of nitriding on the cor- !ﬂ:
rosion-fatigue resistance of steel are: the high articorrosive properties of RO .
the nitrided film which completely protects steel from corrosion in water, in- ? !
dustrial atmospheres, and other media; and the presence of considerable resid- 0 i
ual compressive stress in the nitrided film which substentinlly increases cor- 'A '
rosion fatigue resistance. (2) '] &
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